A series of preventive methods in combination have been used to reduce dental caries in children including dental health education, prophylaxes, pit andfissure sealants, topical application offluoride and restorative care. Prophylaxes, sealant, and fluoride procedures are repeated every six months. Two-year results show reductions of occlusal caries increments of 74.3% for first graders and 77.1 % for sixth graders. Sealant loss, as defined in this study, varied from 33% to 90% with the highest loss occurring in the newly erupted permanent molars during the first six months of the project. These high sealant loss rates are thought to be related to the age of the population which was designed to include children at the ages ofpeak eruption of permanent molar teeth (ages six and twelve). These teeth were often only minimally erupted and maintaining the dryfield requiredfor sealant retention was extremely difficult. However, in spite of these high rates of sealant loss, caries reduction on occlusal surfaces was highly significant in comparison to that of children who did not receive sealants. J Dent Res 56(12): 1511-1519, December 1977. Several studies on sealant effectiveness in the prevention of caries have been conducted in recent years reporting wide variations in results. Equally varying results have been observed when the same material was used as a sealant as when different materials were used. 1-5 Generally, a high degree of caries reduction and sealant retention has been reported for those studies in which a Bis-GMA sealant (Nuva-seal) was used. It has been shown that the protection lasts for about two years, although the ultimate length
of time for which it lasts is yet to be determined. 6 Since sealants are effective on only pit and fissure surfaces, it has been suggested that they be used in conjunction with other preventive methods which primarily affect smooth surfaces. Many of the studies on sealants were designed to include only a few selected and fully erupted teeth in the mouth for which contralateral or homologous pairs were found.3 57 Under these circumstances it is possible to carefully isolate individual teeth for sealant application. The purpose of the present study was to reduce caries as much as possible and therefore the occlusal surfaces of all sound teeth including newly erupted and erupting teeth in which the occlusal surface had penetrated the gingival tissue were included. This approach was used in order to more closely parallel the situation which would normally exist in a child population under care in the private practice of a clinical dentist or school clinic.
The study used a sealant (Nuvaseal)* which required ultraviolet light for polymerization. The purpose of this paper is to present findings at the end of two years on (1) the effectiveness of the sealant in caries prevention, and (2) the retention pattern of the sealant.
Methods
Through a contract with the National Institute of Dental Research, a 3-year project was undertaken to reduce the prevalence of dental caries in a population of school children residing in areas of communal water fluoridation.9't0 To test the effectiveness of combined preventive procedures, more than 600 first and sixth grade children were randomly selected. Most of these children belong to families of low to low-middle socioeconomic levels living in Ypsilanti, a city of approximately 30,000 people in a highly populated urban area of Southeastern Michigan. They have little or no access A comparison group of an equal number of children was also randomly selected from the first and sixth grades of the same schools as the treated children. These children necessarily consume fluoridated water and, in addition, are also provided dental health education in the classroom like their classmates in the treatment group, which is coordinated by a dental hygienist with a background in education. The other procedures are conducted at 18 schools by dentists and auxiliaries utilizing two mobile dental vans. First and sixth grade children were selected since children at these ages have larger numbers of newly-erupted and erupting permanent teeth which are highly susceptible to cariesfirst molars in the first graders and bicuspids and second molars in the sixth graders.
All Buonocore"1t2 by two staff dentists who were trained in the procedures employed.
The occlusal surfaces were first cleaned with a nonfluoride prophylactic paste and cleansed thoroughly; then one quadrant at a time was selected for treatment. The teeth were isolated with cotton rolls, air dried, then etched for one minute per tooth using 50% phosphoric acid solution. The teeth were then flushed free of the etchant, redried, and the sealant applied and allowed to polymerize under a 30-second exposure to ultraviolet light. The tooth surfaces were then checked with an explorer for thoroughness of coverage and completeness of polymerization. If any areas of the fissured surfaces were not adequately covered and free of any catches, sealant was reapplied. To reduce the possibility of interference with retention, the topical fluorides were always applied after the application of sealants.
An evaluation of the condition of the sealant and the degree of retention is made at each sixmonth dental examination. With the aid of mirror and explorer, the occlusal surfaces of teeth are examined visually and tactilely for the presence of sealant. If none can be detected, the sealant is considered completely lost; if all pits and fissures are covered, the sealant is considered completely retained; all other possibilities ranging from a small amount of sealant detectable to nearly all present are classified as partially retained. If an explorer catches in any portion of a pit or fissure, that tooth is considered to have lost sealant. In addition, posterior teeth which have erupted since the previous examination also receive sealant application.
Results Tables 1 through 10 provide information on the children who remained in the study after two years. The randomization process apparently divided the study population into two comparable groups because baseline dental examinations revealed that the mean DMFT and DMFS scores were not significantly different for either the first or sixth grade children as demonstrated in Tables 1 through 4 . However, at the end of two years, mean differences in these caries increments were all statistically significantly different (P < 0.01). As observed in Tables 1 through 4 , the increments are such that the percent of reduction in DMFT and DMFS is about 65% for the treated first graders and 70% in DMFT and 54% in DMFS for treated sixth graders.
An analysis of the caries increment data by surface type (Tables 5 and 6 ) in the first and sixth grade children reveals little difference be- and filled teeth in Table 7 , and these in turn have inflated the sealant failure figures because the restoration of these interproximal surfaces necessarily involves the occlusal surface whether decayed or not. The information presented in Table 8 is an attempt to resolve this problem.
The number of occlusal restorations observed at the time of semi-annual examinations were divided into two categories as indicated by the location of caries that had resulted in a restoration involving the occlusal surface: (1) either a purely occlusal restoration, or (2) a proximoocclusal restoration. This separation measures the extent to which figures on restorations due to occlusal caries are inflated. It is clear from Table 8 that of the total number classified as decayed, missing, and filled occlusal surfaces, 74% of the primary molars, 54.8% and 51.7% of the bicuspids and first molars respectively in sixth graders had proximo-occlusal restorations done. These teeth, were it not for interproximal caries, would likely have not required occlusal involvement. Hence, the number of cases of sealant failure for these tooth types is far less than what it appears to be. However, the first permanent molars in the younger children and the second permanent molars in the older children have made little contribution to this difference since for these teeth almost all the decay occurred on the occlusal surface. Table 9 illustrates the length of time sealant was retained in different tooth types for first and sixth grade children. Table 7 indicates that the first permanent molars in younger children and second permanent molars in older children have the smallest percentage of sealant intact at the end of two years. Table 9 reveals that over a two-year period the majority of sealant loss occurs by the end of the first six months. Sealant loss was greater than 50% in both the first permanent molars in first graders and the second permanent molars in sixth graders during the first six months.
The average number of sealant reapplications by tooth type is presented in Table 10 . As would be expected the greatest number of reapplications were necessary for those tooth types having the lowest retention. However, the mean number of reapplications required varies only from a low of 1.4 times for bicuspids to a high of 2.1 times for second permanent molars. This difference was not so highly significant (.01 < P < 0.05). Thus, even though a high percentage of the first molars in first graders and second molars in sixth graders needed reapplication after six months, retention tended to stabilize beyond that point so that reapplications required were relatively comparable for the various tooth types. Further, no significant difference was found in the number of sealant reapplications done on teeth with regard to their respective positions in the mouth.
Discussion
Although it is difficult to directly assess the benefit of sealant applications in this population because of the combination of preventive methods used, several observations can be made. The level of caries incidence is relatively low for the entire population because of an optimally fluoridated water supply. The caries preventiveness that occurs from both water fluoridation and topical applications of fluorides affects smooth surfaces to a large extent (Table 6) in that buccolingual and mesiodistal surface increments were not significantly different in the treated and untreated children. However, because these children are now approximately 13 years old and have more teeth which have been at risk for a longer time, the increments are larger in the older children. The comparative effectiveness of the sealants is evident from the indication that 163 occlusal sur- The two-year complete sealant retention figures reported in this study (Table 7) are much less than those reported in other studies which tested the same material. Buonocore12 reported an 87% level of complete retention; Horowitz et a18 reported a 37% level for second molars and 48% retention for first permanent molars; Rock14 reported an 80% level; Going and coworkers7 a 69% level with a 78% level for first molars and 53% for second molars. However, only 39% overall retention was reported by Burt et al2 at the end of six months. Extremely low retention rates at the end of one year were also reported by Stephen et al. 15 There are several possible reasons why these differences should be so marked. One is that the criteria for tooth selection used in this study were very different from those used in other studies. The higher percentage of retention reported by Buonocore'2 might be explained by his careful selection of teeth that had well-defined pits and fissures, or deep fossae, or both. In all these studies except that undertaken by Stephen et a115 paired sound permanent teeth were selected and a half-mouth technique was used. That is, one side of the mouth of each patient was randomly selected for treatment, and the other served as the untreated control. In the present study, all sound eligible teeth in the mouth were sealed irrespective of whether a tooth had a matching sound pair or not. A good number of teeth on the treated side were unpaired at the time of the study's initiation because their contralateral homologue had already decayed. These unpaired treated teeth were likely more susceptible to dental caries and hence loss of sealant than paired sound teeth. The fact that sealant retention for the unpaired permanent teeth is generally not as good as in paired permanent teeth has been demonstrated by Going et al.7 and Horowitz et al. 8 Considerable sealant loss is likely related to the design of the study in that, in an effort to provide preventive measures to the permanent teeth as early as possible after eruption, all study children were either six years old and thus had erupting first molars or eleven years old and had erupting second molars. The inability to carefully isolate these molars and maintain a dry field would contribute to the high rate of sealant loss revealed in Table 7 . Access was also a factor in that is was often difficult to maintain the tip of the quartz rod of the UV light in the proper position for the necessary time to provide optimum polymerization of the sealant in these partially erupted, distally positioned molars. The distal fossa of the occlusal surface of upper molars posed the greatest problem with a prominent transverse ridge often creating an additional barrier to adequate access of the UV light rays. The examiners noted that sealant loss was observed more frequently in the more distal aspects of the occlusal surfaces. This explanation is strengthened by the data provided in Tables 9 and 10. Table 9 indicated a greater than 50% loss of sealant within six months for first molars in first grade children and second molars in sixth graders, when these teeth would be minimally erupted. However, the numbers of reapplications required (Table 10) suggests that sealant loss rates stabilize at lower levels beyond the first six months.
Another factor that could exert bias in the direction of high reported sealant loss rates is that the primary thrust of the study was to reduce caries to the greatest extent possible. Because all teeth were being reexamined every six months and sealant reapplied, if any doubt existed regarding the completeness of sealant coverage, the tendency was to "err in the direction of safety" and to score these teeth for sealant reapplication. The sealant was utilized in its clear form rather than with the incorporation of a red dye as was done by Going et al,' which could aid visual detection and reduce errors. Because reported retention rates are based on the ability to detect the material on a tooth surface and do not necessarily reflect sealant retained in deeper portions of pits and fissures not easily accessible to examination with an explorer, actual protection from caries may greatly exceed the degree of protection implied by low rates of retention. Thus, a relatively low incidence of occlusal decay as observed in Table 7 may occur even though sealant loss appears to be relatively high.
In addition, the percent of retention reported in Table 7 and the length of sealant retention given in Table 9 considers only the data for complete retention and does not include any degree of partial retention of sealant. Thus, if, in the examiner's judgment any portion of a fissured surface of a tooth could benefit from reapplication of sealant, that tooth is considered not to have a completely retained sealant.
In an attempt to reduce bias, the examining dentists who scored sealant status did not apply the material or have any previous knowledge as to whether certain tooth sites had received sealant, as, for example, when a molar was unerupted at the previous visit. In some studies, 12"14 o --C-C-U r it appears that the same person served both as clinician and examiner which could bias scores even though certainly unintended. In the Kalispell study of Horowitz et al,8 it was pointed out that completely blind examinations could not be conducted. It is also recognized that teeth with optimal levels of fluoride may not "etch" with acid conditioners as readily as nonfluoridated teeth.'6 Teeth from areas of high fluoridation were shown to be highly resistant to etching by citric acid and phosphoric acid. This problem could be another cause for low retention rates in this study and, hence, a justification for a prolonged etching time in fluoridated regions as suggested by Sharp and Grenoble. I7 Still another factor, as cited by Stephen et al, 15 is variation between individual NuvaLite units resulting in variations in ultraviolet emission. It is difficult to accurately apply the light source within the mouth. Variations in radiation levels and techniques applied provide another reason for differences in retention levels.
Conclusions
Even in communities that are optimally fluoridated and conduct a dental health education program, dental caries may be significantly reduced further in children when additional preventive methods of topical fluoride and sealant applications and necessary restorative care are provided. In this study after two years, treated children who were initially six years old had a reduced DMFS increment of 64.3% and treated children who entered the project as eleven year olds experienced a DMFS increment reduction of 54.2% in contrast to their comparison groups. Percentage reductions in occlusal surface increments of 74.3% for younger children and 77.1 % for the older children are even more impressive and reflect the impact of sealants. Retention of sealant was highest in the primary molars followed by bicuspids and first molars in younger children and second molars in the older group and appear to be related to their posterior position in the mouth and recency of eruption and the method of assessing loss. The greatest sealant loss and need for reapplication occurred within six months after initial application. However, even though sealant loss was relatively high, demonstrated by visual and tactile means, caries prevention continued at a high level.
